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Process, Equipment and Products 
Alginate gels are well-known as are methods for their 
5 preparation by converting alginate as its sodium salt form, 
as a sol, into a gel by action of calcium ions. 

Alginate gels have been used as foodstuffs e.g. 
petfoods with meat in alginate gel and simulated fruits 
with pureed fruit in alginate gel. 

10 Alginate sols are usually in the form of the sodium 

salt but other cations can be used to form sols. Similarly 
calcium ions are usually the cations used to convert the 
sol to a gel form but other cations can be used. Suitable 
other cations for the sol and other cations/salts for 

15 conversion to gel form are described below. Similarly it 
is well-known that low-methoxy pectate has very similar 
characteristics to alginate as explained below but we will 
describe the background to our process and products 
initially only in terms of sodium alginate and use of 

2 0 calcium ions to gel the sol. 

Broadly speaking there are three methods of converting 
an aqueous sol of sodium alginate to a gel. The first is. 
by diffusion of calcium ions into an aqueous sol of sodium 
alginate. The second is by diffusion of hydrogen ions i.e. 

25 from an acid into an aqueous sol of sodium alginate 
containing a calcium salt the solubility of which is 
greatly increased by the hydrogen ions. The third is by 
mixing an aqueous sol of sodium alginate with a source of 
soluble calcium ions and allowing the mixture to gel 

30 without further mixing. 
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To obtain good quality gels it is important that 
gelation occurs as far as possible in the absence of shear. 

The third method has the major disadvantage over the 
other two methods that the sodium alginate sol is mixed 
with a source of soluble calcium ions and shearing at least 
at the start of gelation is unavoidable. All the methods 
of preparing acceptable gels have involved use of 
relatively complex systems and have required skills above 
that of an untrained person. We have invented a process 
and related equipment by which the third method can be used 
to prepare acceptable gels and in particular gel pieces 
with especially useful charateristics, even without the use 
of complex systems. 

In a particular form of our invention our process and 
related equipment and products can be used for delivering 
therapeutic amounts of biologically active substances to 
humans and animals and, more particularly, to livestock. 

An aspect of our invention is that we have discovered 
that alginate and low-methoxy pectate sols can 
advantageously be produced by adding a dispersion of 
alginate or low-methoxy pectate to water in an in-line 
dynamic mixer. Therefore our invention, in this aspect, 
provides a process for preparing an alginate or low-methoxy 
pectate sol in which a dispersion of alginate or low- 
methoxy pectate is mixed with water in an in-line dynamic 
mixer . 

In a further and particularly important aspect of our 
invention we provide a process in which water and a 
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dis persion of alginate or — are - 

L line dynamic mixer to produce a sol of hydrated 
an m-lxne oyn gelling ions 

alginate or low-methoxy pectate and then 9 

oenerated in the sol either a) by include xn 
are generate ^ _ 

W Tr a r P rolin g gellin. ion. when dissolved which 
Tl n lie at neutral P H hut soluble at acid P Hs and 

■„ to the sol as an aqueous solution or as 
by feeding an acxd to the sol 

•on or b) by feeding a dispersxon of a salt 
a dispersion or t>) oy resulting 

. he sol after which the resux 
. , . ^ „^ -i lino ions to tne soj. 
proving gelling Mternatlve b , is preferred, 

ndxture is allowed to gel. A aene rated 
It is most unexpected that gelling ions can be gener 

" .loinate or low-methoxy pectate sol in an 

*«ri mixed with alginate 

• , hout the resulting gel being of 
in-line dynamic mixer without the 

litv It is also most advantageous xn that 
poor quality. it xs lrHnat e or low- 

provides a simple process for preparing alginate 

^sed in en anhydrous liquid ^^^7 

■ „ are r The suspending liquid cixspe 
^ ^icssolves xn water. 
0 or dxssoive lrriTiate or low-methoxy 

sh ould preferably be such that alginate ^ 

achate can remain in suspension in it over p 
pectate stirri „g. The liquid dispereant 

► „ fifteen minutes without scire 

. Hlv have lubricating properties e.g. to 
should also preferably have 

0 , ble in conventional progressive cavity pumps. 

25 be PWatle , . s are lese important when piston pumps 

lubricating properties are less v 

„ Examples of suitable liquid dispersants are 
areu sed. Examples 

oils, glycerol and polyols. Advan 
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an edible oil containing lecithin e.g. a vegetable oil 
containing about 10% lecithin. Use of edible oils is 
advantageous when the process is used to prepare a gel for 
feeding to livestock. 

The low-solubility salt providing gelling ions, i.e. 
the one used in alternative b) , is preferably dispersed in 
a liquid which disperses or dissolves in water. Its 
viscosity characteristics should preferably meet the 
criteria set out for the dispersant for the alginate or 
low-methoxy pectate. The dispersant for the salt providing 
gelling ions is preferably anhydrous and it should be noted 
that water itself would produce a slurry which could not be 
pumpable in conventional progressive cavity pumps. 

A feature of our invention is that there is reduced 
need to use calcium sequestrants. 

In a specific form our process provides an 
advantageous system for preparing alginate or low-methoxy 
pectate gels containing therapeutic amounts of biologically 
active substances, including but not limited to vitamins, 
enzymes and bacteria, especially those which are best kept 
in a protected environment e.g. dry or anaerobic till they 
are fed to patients or livestock. 

In a special aspect of our invention such therapeutic 
amounts of biologically active "substances can be 
incorporated in the dispersion of alginate or low-methoxy 
pectate or in the water or in the aqueous acid or 
dispersion of low- solubility salt providing gelling ions 
depending on the sensitivity of the active substance to 



- 5 - 



water and to acid. 

It is also convenient to incorporate other components 
in the dispersion of alginate or low-methoxy pectate or the 
dispersion of salt providing gelling ions . For instance 
this obviates the need for using very small dosing pumps. 
It also helps prevent settling out of the salt providing 

gelling ions. 

An advantage of our process is that it can be 
performed at ambient temperature, in particular at low 
ambient temperatures i.e. at temperatures below 3 0 °C 
especially below 20°C. Of course the temperature must be 
above freezing point i.e. above 0-C. Use of low 
temperatures helps avoid deterioration of active 
ingredients e.g. heat-sensitive ingredients such as 
biologically active additives useful for optimal health and 
nutrition. . 

A further advantage of our process is that it can 
achieve the uniform incorporation of attractants which 
e.g. can substantially increase the probability of 
consumption by the livestock e.g. green colour for chicks 
and species-specific attractants in the fishing industry 
e.g. in fish farming. When being used to prepare gels for 
use in fish farming it is advantageous to include air when 
mixing the dispersion of alginate or low-methoxy pectate 
with the water and/or when mixing them with the calcium-ion 

generating system. 

As mentioned above our process does not necessarily 
involve the use of complex systems or expensive equipment. 
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Thus a further advantage of our process is that our 
process and equipment can be operated on demand and by 
relatively untrained people on site using minimal equipment 
and, without e.g. requiring the preservation of ingredients 
in an active state during transport and storage. 

Our invention can particularly advantageously be used 
to produce an alginate or low-methoxy pectate gel 
containing a sensitive ingredient which requires an aqueous 
environment and which requires to be fed, e.g. to 
livestock, shortly, e.g. within 30 minutes, after being 
introduced to an aqueous environment. Indeed we have 
found, although the products of our process are 
particularly advantageous in this respect, that alginate or 
low-methoxy pectate gels are excellent delivery media for 
such sensitive ingredients. Such gels deliver water, useful 
for the livestock and useful for certain biologically 
active materials e.g. bacteria but without excess free 
water, which can lead to problems e.g. hypothermia. 
Important examples of such sensitive ingredients are 
anaerobic bacteria and in a particularly important form of 
our invention a product is formed comprising anaerobic 
bacteria dispersed in alginate or low-methoxy pectate gel 
in which any water used is de-aerated water. For instance 
the water mixed with the dispersed alginate or low-methoxy 
pectate in our process contains dispersed anaerobic 
bacteria . 

The water can be de -aerated by adding salts which 
generate carbon dioxide or simply by the addition of solid 
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carbon dioxide in which the anaerobic bacteria have been 
delivered. The former is preferred because salts can be 
u sed which ccntain minor ingredients which are beneficial 
to the anaerobic bacteria. 

The ratio of alginate or low-methoxy pectate to 
calcium can be adjusted to get adequate dryness with lacx 
of significant syneresis and adequate strength. The 

process enables attainment of fast setting times 
. g within about 11 minutes of addition or production of 
the gelling ions. Increasing the amount of the alginate or 
low-methoxy pectate and increasing the level of salt 
providing gelling ions increases gel strength and dryness, 
increasing the amount of salt providing gelling ions, 
without increasing the amount of alginate or low-methoxy 
pectate. will speed up the gelling rate and increase the 
gel strength but speeding up the gelling rate too much wrll 

increase syneresis. 

Preferred sizes are particles of about 1 to 4 mm in 
^imum dimension but larger particles can be used if they 

are sufficiently friable. 

Equipment according to the invention consists of feed 
m eans through which a) a dispersion of alginate or low- 
methoxy pectate, b, water and c) a dispersion of a low- 
solubility salt providing gelling ions can be separately 
5 fe d to an in-line dynamic mixer, the point of entry to the 
dynamic mixer of the feed means for a> and for b, being 
sufficiently spaced up-stream of the point of entry of the 
fe ed means for c, that in use the alginate forms a sol «th 
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the water before it comes into contact with calcium ions. 

As mentioned above for convenience we describe our 
process and products initially in terms of the sodium form 
of alginate as a sol and gelation using calcium ions from 
salt providing gelling' ions but other cations can be used. 

Similarly we mention above that it is well-known that low- 
methoxy pectate has very similar characteristics to 
alginate. 

"Low-methoxy pectate" is a well-known term. Normally 
low-methoxy pectates. are considered to be pectates (i.e. 
pectins) containing less than 50% methoxylated hydroxyl 
groups. For the process of this invention the low-methoxy 
pectate should preferably contain less than 30% 
methoxylated hydroxyl groups. 

As mentioned the sodium salt is a particularly 
convenient form of alginate or low-methoxy pectate from 
which to form a sol. The alginate or low-methoxy pectate 
used to form the products of the invention is preferably 
sodium alginate of high molecular weight (of the order of 
100,000). Alginates having a low content of mannuronic acid 
residues (mannuronic: guluronic ratio less than 1:1) are 
especially suitable. The proportion of alginate or low- 
methoxy pectate used varies with its gelling ability (that 
is, the gel strength obtained per unit weight) and with the 
texture desired in the final product, in particular in the 
gel pieces. We have found that when the preferred sodium 
alginate is used it suitably forms from 0.4% to 4% by 
weight of the product formed. Other cations can be used to 
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£orm sols with alginate or low-metho*y pectate 

e.g. potassium and ionium articularly in the 

A s mentioned, calcium sulphate (partrcular 

, , is the preferred low-solubility calcium 

di rr: :: : i — — « - — t 

salt to be us aqueous sol 

has low solubility in water .g - - % ^ 

oan be used "^^^ preferably those 

percentages) are preferred, p 

Ability less than 1% and especially those w 

with a solubility les aolubi lity of 0 . 02% 

solubility less than 0.3% hut above a sol* ^ 
e g calcium sulphate hydrous, calcxum sulphate 

■ n. titrate and calcium tartrate, 
dihydrate, calcium citrate a but 

n • » salt insoluble at neutral pH but 
When the salt is a salt ins 

•„ «, preferred calcium salts include 
soluble at acid P Hs carbonate and 

, . ^^ai-e calcxum tartrate, 

Elites .icalcium phosphate dihydrate and 
riorum Phosphate- particular i y preferred, 

dicalcium phosphate annyu. 
. especially dicalcium phosphate dihydrate 

«*- and products will be now 
Our process, equipment and pr 

Ascribed hy way of example with reference to Prgur 



20 

2 . 



Figure 1 is an overall flow diagram. 

detail of the gelling and dicing. 
Figure 2 shows more detail 

Ttl e quantities of ingredients were: 
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Alginate feed: 

Sodium alginate (Manugel DMB*> 
10 Oil blend** 



(by weight) 



Water feed: 9Q 
De-aerated water ^ 

w ^^eria plus minor ingredients. • 
Anaerobic bacteria pa-u 



3 .50 
3.00 



Calcium sulphate feed: 
Calcium sulphate dihydrate 
Chick feed x ^ 14 

15 Oil blend 



0 .80 
1.00 



Total 



100 



20 



25 



* Trade Mark of ISP Alginates , 
** Oil blend: Vegetable oil 90%, lecithin 10% 

Sodium alginate is dispersed in vegetable oil 

- — - T~r :r.i::: » 

beadlets packed in solid carbon dxox.de, 

aerated water, ft. beadlets contain ^cro-^redxent t 

Z activate and increaee tbe — - ^ 

derated by adding salts which 
bacteria. The water was deaerated y 

generated carbon dioxide. 

The dispersion of sodium alginate in vegetable oil 

• x.. „h the dispersion of anaerobic - 
containing 10% lecithin and the di P 
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bacteria in water were fed to an in-line dynamic mixer Ml 
by pumps PI and P2 at rates 108.67 kg/hr and 7.8 kg/hr 
respectively. The mixer Ml was a 2kw mixer and was 
operated at 2800 rpm. The mixer has a rotating shaft with 
four equally spaced rows of 8 pins, each with a tip to tip 
diameter of 66mm. The central shaft has a diameter of 
35mm. There is one row of stators attached to the shell. 
The water and the dispersion of sodium alginate were fed to 
the in-line dynamic mixer through inlets aligned with the 

first rotating pin. 

Calcium sulphate was dispersed in oil together with 
milled chick feed and fed by pump P3 at 3.53 kg/hr to the 
in-line dynamic mixer Ml beyond through an inlet aligned 
with pin 6. The alginate was hydrated i.e. in sol form by 
the time it reached pin 6 i.e. before being mixed with the 
calcium sulphate. The chick feed optimally contains a green 
colorant as this adds to the palatability of the product to 
chicks. The resulting mix was fed to moulds MD1 set in a 
carousel CI which rotated at 11 minutes per revolution. At 
stage 10 the mix which by that time had gelled was ejected 
by an ejector El into a Hobart mixer, dicer Dl, where it 
was broken down into particles of 3 mm diameter. The 
product was attractive and beneficial to chicks.'- 



- 12 - 



CLAIMS 



1. A process for preparing an alginate or low-methoxy 
pectate sol in which a dispersion of alginate or low- 
methoxy pectate is mixed with water in an in-line dynamic 
mixer . 

2 . A process for preparing an alginate or low-methoxy 
pectate gel in which a sol of hydrated alginate or low- 
methoxy pectate is .prepared according to claim 1 and then 
free gelling ions are generated either a) by including in 
the water or in the dispersion of alginate or low-methoxy 
pectate a salt providing gelling ions when dissolved which 
is insoluble at neutral pH but soluble at acid pHs and by 
feeding an acid to the sol as an aqueous solution or as a 
dispersion or b) by feeding a dispersion of a low- 
solubility salt providing gelling ions to the sol after 
which the resulting mixture is allowed to gel. 

3 . A process according to claim 2 in which the free 
gelling ions are generated by feeding a dispersion of a 
low-solubility salt providing gelling ions to the sol. 

4. A process according to any one of claims 1 to 3 in 
which the alginate or low-methoxy pectate is dispersed in 
an anhydrous liquid which disperses or dissolves in water. 

5. A process according to claim 4 in which the anhydrous 
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n or low-methoxy pectate can 

remain in suspension m the H*u 
four hours without stirring. 

,„ im 4 or claim 5 in which the 
fi A process according to claim 

id has lubricating propert.es. 
anhydrous liquid has luo 

» claim 3 and any one ot claims 4 
A process according to c^ ^ ^ ^ >oWbUiw 

t o 6 when dependent on c ^ _ ^ ^ 

10 salt providing gelling » xlty salt providing 

is capahle o« suspending , th ^ ^ 
oalcium ions over periods of up 
stirring. 

.. . _ — - - ~ 2 :;.irr 

t„ 7 when dependent on c aim ^ ^ 

salt providing gelling ions is dispe 
has xubricating properties. 

liquid. 

25 10 . R P-ess according to claim ^d any 
to 9 when dependent on claim m 
salt providing gelling ions is a 
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11. A process according to claim 10 in which the calcium 
salt is calcium sulphate. 

12. A process according to any one of claims 2 to 11 in 
which either one or both of the liquids used to disperse, 
respectively, the alginate or low-methoxy pectate or the 
low- solubility salt providing gelling ions is an edible 
oil . 

13 . A process according to claim 12 in which the edible 
oil is a vegetable oil . 

14. A process according to claim 12 in which the edible 
oil contains 10% of lecithin. 

15. A process for preparing an alginate or low-methoxy 
pectate gel according to any one of claims 2 to 14 in which 
therapeutic amounts of biologically active substances are 
included in one or more of the liquids mixed in the dynamic 
mixer . 

16. A process according to claim 15 in which anaerobic 
bacteria are the biologically active substances and they 
are introduced into the mixer by incorporation into the 
water. 

17. A process according to any one of claims 2 to 16 in 
which the gel is broken into portions. 



» 



15 



20 
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18 . A process according to claim 17 in which the portions 
are fed to humans or livestock. 

5 19. A process according to claim 18 in which the time 
between the incipiently gelling mixture leaves the mixer 
and the portions of gel are fed to livestock is less than 
15 minutes . 

10 20. A process according to claim 18 or claim 19 in which 
the livestock are chicks. 

21. A product of a process according to any one of claims 

1 to 20. 



25 



22. A feedstock for livestock . which require water but are 
sensitive to free water in their environment consisting of 
pieces of gelled material according to any one of claims 2 



to 21. 



23. A feedstock for chicks according to claim 22. 

24. An in-line dynamic mixer with a feed point for a 
dispersion of alginate or low-methoxy pectate and a feed 
point for water both feed points being at one end of the 
mixer and a further feed point for a dispersion of a low- 
solubility salt providing gelling ions spaced downstream of 
the other feed points such that when the dispersion of . 
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alginate or low-methoxy pectate and the water are fed to 
the other two feed points and the dynamic mixer is operated 
a hydrated sol of alginate or low-methoxy pectate is formed 
before the mixture comes in contact with the salt providing 
gelling ions. 

25. Gelled material containing therapeutic amounts of 
biologically active materials in which the gelled material 
is alginate or low-methoxy pectate. 

26. Gelled material according to claim 25 containing 
anaerobic bacteria. 

27. A feedstock for livestock which require water but are 
sensitive to free water in their environment consisting of 
pieces of gelled material according to claim 25 or 26. 

28. A feedstock for chicks according to claim 27. 

29. Any new feature described herein or any new 
combination of herein described features. 



30. A process or product substantially described herein 
with reference to the Example. 
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